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Overview
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Neutral LLPs at Future Colliders 

We plan to perform a comprehensive 
comparison of the sensitivity of proposed 
future colliders/detectors to electrically-neutral 
LLPs, including consideration of so-called 
“external” detectors (e.g. MATHUSLA).  We 
propose to initially focus on Higgs-portal 
hidden sector scenarios, and consider additional 
scenarios (gauge-portal, heavy neutral leptons, 
RPV SUSY, etc.) person-owner permitting.  We 
plan to study a variety of production modes 
and lifetimes, ranging from effectively prompt 
to effectively invisible, using ID-, calorimeter-, 
MS-, and MET-based signatures.  In order to 
understand how future detectors can maximize 
sensitivity to these unconventional signatures, 
we also plan to investigate the impact of 
various detector functionalities, such as 
precision timing and tracking at L1.

Higgs portal smoking gun:

H

potentially  
long-lived



[1806.07355] [1902.03094,1811.07370]

[CMS-PAS-EXO-19-021]

• B-tagging: 2005.12236, 1806.07355 (LL interpretation) 
• ID DV: CMS-PAS-EXO-19-021, 1705.07332 (LHCb), 1911.12575 (ATLAS: ID+MS) 
• Low EM fraction jets: 1902.03094 
• MS DV: 1811.07370 
• MET 

• H→inv: ATLAS-CONF-2020-008 (VBF: 139/fb), 1904.05105 (combo: run1+36/fb) 
• Mono-X: 1712.02345 

• Indirect (couplings): 1606.02266

Higgs Portal Searches
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Table 6: Expected and observed limits on Binv for a Higgs boson with a mass of 125 GeV calculated at the 95% CL
with 139 fb�1.

Observed Expected +1f �1f +2f �2f

0.132 0.132 0.183 0.095 0.248 0.071
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Figure 9: Post-fit <jj (top) and �qjj (bottom) distribution in the inclusive signal region. Minor contributions from CC̄,
++ , +++ , and VBF � with � ! g

+
g
� or � ! ,

⇤
, are summed up as “Other”. The signal is scaled to a branching

ratio of the Higgs boson into invisible final states of 13%. In addition to the data to background ratio, the lower
panels show the ratio of the background expectation before and after the likelihood fit, the relative size of the multijet
background, and the signal to background ratio. The latter two quantities are shifted by one to use the same y-axis
scaling.
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[ATLAS-CONF-2020-008]limits on 
BR(H→inv):

lifetimes from 
prompt to invisible 
currently probed

https://arxiv.org/abs/2005.12236
https://arxiv.org/abs/1806.07355
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-19-021/
https://arxiv.org/abs/1705.07332
https://arxiv.org/abs/1911.12575
https://arxiv.org/abs/1902.03094
https://arxiv.org/abs/1811.07370
https://cds.cern.ch/record/2715447
https://arxiv.org/abs/1904.05105
https://arxiv.org/abs/1712.02345
https://arxiv.org/abs/1606.02266


Figure 28: BC4: prospects on 10-15 year timescale for PBC projects for the Dark Scalar
mixing with the Higgs in the plane mixing angle sin2 ◊ versus dark scalar mass mS.

Figure 29: BC5: prospects on 10-15 year timescale for PBC projects for the dark scalar
mixing with the Higgs in the plane mixing angle sin2 ◊ versus dark scalar mass mS under
the hypothesis that both parameters ⁄ and µ are di�erent from zero. The sensitivity curves
have been obtained assuming BR(h æ SS) = 10≠2. The NA62++ and KLEVER curves
correspond still to the case of ⁄ = 0, and, hence, should be considered conservative.
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Higgs Portal Projections
• Landscape is 

incomplete and (at 
least) somewhat out 
of date  
• Curtin, Verhaaren: 

1506.06141 
• PBC: 1901.09966
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(IT, r > 50 �m)×(1L) (IT, r > 4 cm)×(VBF h � bb) (IT, r > 4 cm)×(inclusive VBF) (HCAL)×(HCAL) (MS)×(MS or IT)
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Figure 9. Projected sensitivities of the displaced decay searches listed in Table 4, expressed model-
independently as limits on the exotic Higgs decay branching ratio Br(h ! XX) as a function of the proper
lifetime c⌧ of X, for mX = 30 GeV. Zero background is assumed, which is not likely to be realistic for the
HCAL search. Decreasing (increasing) mX shifts the curves slightly to the left (right).

At the HL-LHC, the most coverage is achieved by looking for one DV in association with a
lepton. For lighter glueballs, jets + one DV or two DVs in the muon system provide additional
coverage. The jets + one DV search could additionally cover much of the same parameter space as
the lepton + one DV search if DV reconstruction down to rmin = 50 µm was possible for that search
as well. Overall, the HL-LHC should be able to probe uncolored naturalness via Higgs to glueball
decay with top partner masses up to about a TeV for a wide range of theoretically motivated glueball
masses.

The reach at the 14 TeV LHC with only 300 fb�1 can be easily read off from Fig. 8 by shifting the
exclusions one log10  contour inwards, corresponding to a factor of 10 reduction in signal compared
to the HL-LHC. Most of the glueball masses are covered, and top partners up to 500 - 700 GeV can
be probed, though the lepton + one DV search looses sensitivity for m0 ⇠ 60 GeV,mTP ⇠ 200 GeV.

The 100 TeV results are meant to be illustrative only, since the assumptions we used are driven
by the limitations of present-day experiments. By the time the next collider is built, it is likely that
full track reconstruction can be used for low-level triggering, if triggering is needed at all. Displaced
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https://arxiv.org/abs/1506.06141
https://arxiv.org/abs/1901.09966


Open Questions
• What is the expected coverage of future “main” detectors? 

• Can sub-leading production modes provide sensitivity? 
• How does collider energy and PU affect discovery potential? 
• Does clean environment at lepton colliders allow access to new regimes, or is 

the lack of statistics a killer? 
• Of the many proposed “external” detectors, which provide unique sensitivity?  

What is the minimal set needed to maximally cover parameter space? (see slides 
from David et. al. for details) 

• Post HL-LHC, are there gaps in sensitivity to LLPs?  Can they be filled? 
• How can we design future experiments to maximize sensitivity to long-lived 

particles? 
• Where should we concentrate our limited efforts? 

• Hardware/HL triggers, new subdetectors (timing, etc), improved 
subdetectors (better pointing res), offline algorithms (machine learning)?
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Collaboration
• We are very open to new collaborators and/or 

joining forces with others 
• Don’t hesitate to get in touch!
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